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Patients with an anterior mediastinal mass pose signiﬁcant risk for cardiorespiratory compromise during
surgical procedures and general anesthesia. Several techniques have been described to reverse airway
obstruction in these patients. In extreme circumstances, patients may require cardiac bypass or extra-
corporeal membrane oxygenation (ECMO) until deﬁnitive treatment of the mass and patient stabilization
is achieved. We present a case in which the RulTract systemwas used for emergency sternal elevation as
a bridge to ECMO in acute respiratory collapse in an 11-year-old female with a minimally symptomatic
anterior mediastinal mass.
 2016 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).Patients with anterior mediastinal masses (AMMs) are high-risk
for cardiorespiratory compromise due to airway and vascular
compression [1e3]. Patients with AMMs vary in presentation, from
a mild cough (most commonly) to severe airway compromise and/
or superior vena cava syndrome [1,4]. In children and adolescents,
an anesthetic is usually required to obtain tissue diagnosis, which
may entail signiﬁcant risk for more complicated cases. Several case
reports and series have described acute cardiopulmonary decom-
pensation upon induction of anesthesia or sedation in patients with
tracheal compression from large AMMs [2,5e7]. A variety of tech-
niques have been described to prevent morbidity and mortality
associated with AMMs. Biopsy techniques under local anesthesia
have been advocated for patients with signs and symptoms of
airway compression [8,9], although patients have successfully un-
dergone general anesthesia without incident in other cases [10].
Techniques for managing intraoperative complications from gen-
eral anesthesia include lateral or prone positioning, rigid bron-
choscopy, median sternotomy, and cardiac bypass or extracorporeal
membrane oxygenation (ECMO) [6,7,9,11] although the latterldren’s Mercy Hospital, 2401
234 3199; fax: þ1 816 983
Inc. This is an open access article utechniques may take too much setup time to be feasible [12]. We
present a case in which the RulTract sternal elevator system pro-
vided a life-saving bridge to ECMO in a patient with external
compression of the trachea from a large AMM.1. Case report
An 11-year-old female initially presented with a several week
history of facial swelling and intermittent right arm swelling. Over
the prior weeks, she was seen by numerous other providers and
was treated for presumed allergies with anti-histamines and ulti-
mately steroids, which brieﬂy alleviated her swelling. Her symp-
toms returned soon after, and she was again treated with a second
round of steroids as well as an antibiotic. She was then referred to
an otolaryngologist, dermatologist, and allergist andwas eventually
admitted to the hospital. Upon admission, workup included an
echocardiogram, which revealed a 10 cm by 8 m complex cystic
mass in the right anterior superior mediastinumwith superior vena
cava (SVC) compression. Computed Tomography conﬁrmed these
ﬁndings (Fig. 1).
Numerous enlarged lymph nodes in the neck and hilar region
suggested lymphoma. Surgery was consulted to obtain tissue for
diagnosis. Examination performed by the surgeon was difﬁcult in
palpating cervical lymph nodes due to some neck swelling, andnder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Fig 1. CT scan of the large mediastinal mass (a) and narrowing of the SVC (arrow) (b).
Fig 2. Illustration of the Rultract sternal elevator in use.
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most appropriate. The patient and family were consented for a bi-
opsy of a deep right cervical lymph node, bilateral bone marrow
biopsies and placement of a peripherally-inserted central catheter
(PICC) to facilitate diagnosis and expedient therapy.
Preoperatively, the patient had no respiratory symptoms and
was able to lie ﬂat in bed. Chest X-ray (CXR) was not concerning for
airway obstruction or tracheal deviation and CT imaging revealed
tracheal area greater than 50% of predicted value. There was no
jugular venous distention and vital signs werewithin normal limits.
Both the surgery team and anesthesiologist reviewed the patient
record, imaging and exam ﬁndings. While the patient was felt to be
at risk of airway compromise, the anesthetic strategy included
spontaneous ventilation to decrease tracheobronchial relaxation
thus minimizing risk of collapse. With inhalation induction of
anesthesia, partial airway obstruction was noted, but was relieved
with positive airway pressure via mask. The trachea was intubated
without the use of muscle relaxants, and positive airway pressure
was used to augment spontaneous ventilation and relieve airway
obstruction. Fiberoptic bronchoscopy was performed to evaluate
the airway and conﬁrmed near-complete airway collapse at the
level of the carina that was stented open during positive pressure
augmentation of spontaneous breaths. As she remained stable at
this point, the biopsy of the deep right cervical lymph node was
then performed. This was done without incident and intraoperative
pathology consultation revealed ﬁndings to be most consistent
with lymphoma.Upon completion of the bone marrow biopsies and PICC place-
ment and during emergence from anesthesia, the patient had
complete airway obstruction and was unable to be ventilated.
Potentially the airway collapse occurred due to a loss of positive
pressure support during emergence, but no speciﬁc adverse event
was identiﬁed as the cause of the airway collapse at the end of the
procedure. The patient’s immediate hypoxic state did not allow for
time to perform noninvasive maneuvers such as repositioning of
the patient or rigid bronchoscopy, and advancement of the endo-
tracheal tube into the right mainstem bronchus did not relieve the
obstruction. Given the severity and urgency of the situation, the
decision was made to elevate the sternum to relieve the extrinsic
compression on the trachea rather than turn the patient into the
lateral or prone position. The patient’s chest was immediately
prepped and a stab incision just left lateral of the sternum was
made. A bone hook was wedged into the sternum and the sternum
was elevated manually, which allowed for immediate return of
ventilation. With this temporizing measure, the chest was quickly
prepped and draped, and the RulTract retractor system with a
bone-hook clamp inserted into the sternum was utilized for sus-
tained elevation of the sternum (Fig. 2).
The patient was stabilized and successfully ventilated. During
multi-disciplinary consultation involving cardiac surgery, pediatric
surgery, pediatric intensive care, and pediatric anesthesia, various
options were considered. Sternotomy with tumor debulking, prone
positioning and leaving the RulTract in place were discussed but
felt to be inadequate options given the anticipated rapid response of
the tumor size to chemotherapy and steroids. Ultimately, venoar-
terial ECMOwas initiated as ameans to oxygenate the patient while
chemotherapy and steroids worked to decrease the tumor burden.
ECMO was initiated via the femoral vessels as opposed to the neck
vessels due to the patient’s SVC obstruction.
Postoperatively, the patient was initiated on high-dose steroids
and chemotherapy immediately given the pathologic diagnosis.
ECMO was discontinued after three days and she was extubated
after ﬁve days when there was a demonstrated decrease in tumor
burden and resolution of airway obstruction (Fig. 3). Her post-
operative course was complicated by a femoral thrombus from the
ECMO cannula for which she required anticoagulation. She was
successfully treated for lymphoma without other sequelae and re-
mains in remission.
Fig 3. CT scan of the chest demonstrating decreased tumor size after response to
chemotherapy and steroids.
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The majority of anterior mediastinal masses in children are
lymphomas [9] which are generally responsive to chemotherapy.
Tissue diagnosis is required to select appropriate chemotherapeutic
agents, and pediatric surgeons are often employed asked to obtain
tissue to direct therapy. Biopsy of a superﬁcial lymph node under
local anesthesia without general anesthesia has been advocated
[9,10]. In this patient’s situation, the difﬁcult examination second-
ary to swelling may have complicated utilization of a percutaneous
biopsy. Following this patient’s case, others have been sent for
percutaneous biopsy attempts ﬁrst as a means of avoiding general
anesthesia. General anesthesia can increase the risk of airway
compromise because of the effects of supine positioning and
relaxation of the tracheobronchial tree [8,13]. In instances where
there are no easily accessible lymph nodes, it may be necessary to
perform a biopsy of the mediastinal mass directly. Even in these
situations, it is possible to perform mediastinal biopsy with use of
local anesthesia [8]. However, if patients are too young or will not
tolerate local anesthesia, general anesthesia may be employed,
despite a greater risk to the airway. This patient was considered to
be slightly less than high-risk during general anesthesia since the
tracheal area was over 50% of predicted for the patient’s size.
As this case illustrates, even patients with few or no examination
ﬁndings of tracheobronchial compression can deteriorate upon
induction of anesthesia. Emphasis should be placed on preoperative
workup consisting of imaging such as CXR and CTassessing tracheal
area as well as the use of ﬂow-volume loops and pulmonary
function testing (e.g. peak expiratory ﬂow) to determine a patient’s
risk for signiﬁcant events during general anesthesia. In this pa-
tient’s situation, pulmonary function testing and ﬂow-volume loops
were not performed given the patient’s clinical stability and ex-
amination and imaging ﬁndings although should have been
considered more strongly. Pretreatment with radiation, steroids, or
chemotherapy has been advocated to lessen the extrinsic tumor
compression of the airway and great vessels [12]. It has been sug-
gested that such treatment within 72 hours prior to biopsy has
minimal effect on pathologic diagnosis [13]. However, most on-
cologists prefer tissue diagnosis prior to initiation of therapy which
was also the case for this patient.
When unable to perform superﬁcial lymph node biopsy under
local anesthesia, these more invasive procedures should only be
performed in an inpatient facility, with access to all possible
treatment options including bronchoscopy, sternotomy and ECMO
[12]. Prior to the induction of anesthesia, a thorough history and
examination of the patient is mandatory, with focus on signs and
symptoms of airway and venous obstruction. A chest CT establishesthe location and degree of compression, and helps in the creation of
a plan for anesthetic and surgical management. However, for this
patient, tracheal compression and area on CT scan were felt to be
adequate for attempting a general anesthetic. Prior to the induction
of anesthesia, a plan for management of potential complications
must be ﬁrmly established. Repositioning of the patient to a lateral,
seated, or prone position may be of beneﬁt [12]. Endotracheal
intubation and/or rigid bronchoscopymay be attempted to alleviate
compression of the trachea [5,12]. When these interventions are
ineffective, sternotomy, cardiac bypass or ECMO, may be necessary.
With this patient, turning the body would not have been efﬁcient
enough and rigid bronchoscopy was not readily available to the OR
team and therefore, a temporizing measure was sought. Temporary
relief of complete airway obstruction may allow the operative team
time to implement one of these more deﬁnitive solutions. In the
case presented, the use of a sternal bone hook and a RulTract
sternal elevator allowed ventilation of the patient until ECMO could
be established.
The Rultract skyhook surgical retractor is a device that is
intended for hands-free retraction and exposure of surgical sites,
and there are no currently listed contraindications for its use [14].
These and other similar retractors have been frequently used in the
repair of pectus excavatum in adults and the pediatric population
[15e18]. Other case reports have demonstrated a wide versatility of
these types of retractors, including use in reconstruction of the
abdominal wall [19], in sternal elevation for transcervical thymec-
tomy [20,21], in thymic parathyroidectomy [22] and in minimally
invasive repair of cardiac defects [19e23]. In the case presented, a
bone hook and the RulTract skyhook provided temporary relief of
tracheal compression from a large AMM while the patient was
prepared for ECMO. There are currently no other reports in the
literature of the RulTract being used for this purpose.3. Conclusion
Patients with AMMs requiring invasive procedures provide a
challenge for anesthesiologists and surgeons alike. Preoperative
planning and testing is essential to effectively deal with possible
complications. For acute airway compromise in the operating room
secondary to AMMs or pathology, surgeons should consider use of a
sternal elevator or another similar device as a temporizing measure
to stabilize patients and provide a bridge to cardiac bypass, ECMO
or sternotomy with or without tumor resection.
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